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Abstract

YBCO dc superconducting quantum interference device (SQUID) magnetometers based on bicrystal junctions have been
fabricated for magnetocardiograph (MCG) measurements. We could fabricate YBCO SQUID magnetometers having
magnetic field noise of about 20 fT/Hz"? at white noise region. We have developed an MCG system employing the high
performance SQUID magnetometers. The lightweight MCG system, requiring liquid nitrogen as a coolant, consists of
6-channel SQUID sensors, an adjustable patient bed with sliding motion, and data analyses software. The MCG system could
record quite clear MCG signals in a room with moderate magnetic shielding. In normal operation with multi-position MCG
measurements, we could obtain clear 48-point mappings of magnetic field map and current source map with high enough
signal qualities for clinical trials.

Keywords : High- T, YBCO, magnetic field, magnetocardiograph, SQUID

LAE 274 (%F 3 fTNH»9 % oA wmzaued
FE7hA FAL Utk 122 = SQUID=

SQUID= I7te] 7Wdst 7H =7t &2 AAALE Yoz AME3lEz AA|AFo 4
AAZH QA 2RE Phsts oA IAE 3 A8 L Aol ujg zrEstors Aol 9
A BAANANZTE 542 F & Ut L&x omg goFd BopoA ugE ArF 23S
A= SQUID 7]&& HGZHQ WHg o]Fof o]-§% &&AT7F olFIA L Ut SQUID2
AT AMEEHT e 229 A Zelle2 o §8& FoF FoA M FE @3 gle Ao
20 fTANHzEZ 02, 224 HL&x2A % SQUID AR A} 71 Eoko| 1, E3] A7) A A A AL
(magnetocardiograph)= 7| &7 ©AE "lojy

*Corresponding author. Fax : +82 42 868 5475 Ho] Hadxo] @e AJAHIT) o]|Fo|X 1
e il inskim@kriss.re e Aol (151 AAZA Bl 28

- 158 -



Development of magnetocardiograph system using.... 159

i 9+ A7) ARG = hEE AAE
2 YuE ojg3t= H2EHEZ SQUIDE
o]-8-3t1 ¢lrh. SQUIDS| A H3fsol 44
fTNHz AEH F83] A= ZHo] F§o
7Vs3tn, 1224 %= SQUIDS 73% ol 2| 2 4~
AHERTE HolA o7 ZHA] FHE THA
ot Z RIS i B, A=
d 5ol A HAe= ©dol Utk EJE &%
ZVH o] @7 W o e £ AlA
7F 9adt oEAd 27 ARHARAA Al
A2gEo]l H1 ok 122HAE SQUIDE 9]
435 oFAd AV ARHAEA] el dA
o= g ATt ofjFojA L QLo [6]7], ot
ANAE IS L22HE SQUIDE o
A& = e FH7e0] BYEH UA @
2 AlAoltt

B ERAME IA4F IL2xAE SQUID
225 JiEsta, o] AAME
A7 AZ A E g WS
A FAE o] §ste] 7E S
2 48-point A= WL FHAstG o oA
SRHE it Az JAFERE PYo| EHE
378t ot

lx

ilﬂmlm

IL 64'd YBCO SQUID #%]

A. 11735 SQUID A=A A&

1= YBCO SQUID AEAE A&str] ¢
shol, QuAQ A7 BANA AFH
Flux Locked Loop (FLL)%2}o] 823t parallel
loop & ZYY AHAE dAst2, 2
30°91 STO(100) B2 (bicrystal) S gho] el
Z YBCO 9ubg AAsto] A&stdoh [8].
SQUID 4Z}+&= Fig. 1(a)of] Wetd vhe} Zo] A
Z 50 um?l 16709 A& HEE wjX|g HE
s9lo] Ql”E A 100 pHR! SQUIDoﬂ A 47
He gAoln [9] A& AU R 2=
8.8 mm x 8.8 mmo|t}t, AAE SQUID A2 A=
STO”|%of] PLD®H 2 2 160 nm] ©@d= YBCO
e ZHs3, E2HQ T Aaeue

(b)

Fig. 1. Photo of YBCO SQUID magnetometer with 16-
parallel-loop pickup coil (a), and cryo-insert probes (b).
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Fig. 2. Schematics of flux-locked-loop circuit, and signal
conditioning circuit composed of 0.5 Hz high-pass-filter,
60 Hz notch-filter, and 100 Hz low-pass-filter.
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Fig. 3. Photo of the developed MCG system. 6 SQUIDs are
arranged in a linear array in the dewar, and the patient bed
is adjusted by a uni-directional motion during measurement.
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Fig. 4. Typical noise spectra of the high-T- SQUID system.
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Signals were recorded inside the moderately shielded room Fig. 5. Typical MCG signals recorded simultaneously using

during daytime with peak electrical activity (a), and with the 6-channel SQUID system. The signals were time

additional 3-layer permally can shield (b). averaged over 8 heart beats.
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Fig. 6. Magnetic field map (a) and current source map (b)
obtained over S-wave period as marked with vertical lines
in magnetocardiographic tracings (c) recorded over 48
measuring points.
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